Information about the use of floristic resources of the immediate edges of ombrophilous forest (Atlantic rainforest) fragments by stingless bees is not readily available in the scientific literature. Considering the importance of these plant species for local guilds of stingless bees, this study aimed to identify and characterize the flora of the immediate borders of four Atlantic rainforest fragments situated in Baturité massif, state of Ceará, used as food resource by stingless bees. We studied the growth-form of the plants, the floristic similarity between edges and the effect of rainfall on the flowering, and suggested simple techniques for handling these areas. We compiled a total of 82 plant species with a predominance of tree and shrub form. There were different floristic richness between areas and rainfall had differentiated influence on flowering, according to the edge. We concluded that the florist components of the studied edges are relevant to the stingless bee guilds, but alternative management practices are needed to conserve both plant and bee species.
INTRODUCTION
Over the past 40 years, knowledge of the floristic resources used by Brazilian native bees has been produced through systematic surveys of the bee fauna in several ecosystems. However, these studies have mostly been made in the Southeast and Southern regions, lacking information from other parts of the country (Freitas et al. 2009 ).
Among studies that report on food resources used by bees, including meliponines, we point out Cure et al. (1992) , Souza et al. (1994) , FariaMucci et al. (2003) , Gonçalves and Melo (2005) , in southeastern and southern Brazil; and more recently Viana et al. (1997) , Ramalho and Silva (2002) , Locatelli et al. (2004) , Milet-Pinheiro and Schlindwein (2008) , Monteiro and Ramalho (2010) , in northeastern Brazil.
Most of these studies were carried out in forest fragments usually associated with long historical disturbances Pinheiro 1998, Cerqueira et al. 2003) . The peripheral margins (edges) of these forest fragments suffer abrupt changes that affect local dynamics including gene flow among populations (Bierregaard et al. 1992 , Viana et al. 1992 , Murcia 1995 , Schneider et al. 2003 .
Natural or accidental occupation by native plant species, as well as those of broad geographic distribution, is quite common at such forest edges. This process, in general, is directly linked to the degree of matrix permeability (Cane 2001 , Scariot et al. 2003 , Ewers and Didham 2006 . According to López-Barrera (2004) , these types of low vegetation, composed mainly by shrubs and grasses have several degrees of permeability, ranging from abrupt to gradual. The latter allows, more intensively, a return of several groups of animals to this matrix range. Maciel et al. (2011) describe these areas as places where several species can establish, mainly herbs and shrubs requiring high luminosity and that present high capacity of vegetative regeneration and seed dispersal. Studies on the phenological aspects of the flora found in forest fragments in Brazil have shown that the periodicity of the phenophases are more clearly established in environments where the weather seasonality is well defined (Morellato et al. 1989 , Talora and Morellato 2000 . In such a situation, blooming periods generally depend upon the alternation of seasons; and the temporal levels of humidity are the main drivers to define these blooming periods.
Despite the lack of studies specifically on the role of forest edge flora to the stingless bees foraging resources, some studies made in Brazil with native grasslands Melo 2005, Gonçalves et al. 2009 ) and rainforest fragments (Antonini et al. 2003) showed a positive relationship between the surrounding flora and stingless bees, mainly those species less demanding for food resources. There is a need for more studies in order to understand the stingless bees' foraging performance in the forest edges.
To investigate this issue we conducted a floristic survey in the immediate edges of four forest fragments located in the Baturité massif in order to: i) characterize and record, the growthform of the plant species supplying food resources for stingless bees, in order to know the structure of this community botany; ii) identify floristic similarities among the studied areas to check for differences in the richness of the flora of each area; iii) record the influence of rainfall on the number of species in bloom, to get an idea of the food supply throughout the year; iv) suggest simple management measures for these edge areas in order to ensure the preservation of plant and bee species.
MATERIALS AND METHODS

STUDY AREA
The study was carried out in the Baturité massif, geographic coordinates 4°-4° 30' S 38° 45'-39° 15' W, position NNE-SSW, located in the northeastern part of the state of Ceará, 70 km from the coast. This massif possesses a more humid windward side and a less humid lee side, which faces towards the interior (Gomes 1978 , UFC/FUNCEME 1994 , Souza 1997 . The local climate is classified, according to Köppen's classification, as AW' (SEMACE 1992) , with mean annual rainfall between 1100-1700 mm, and mean temperature below 24°C, depending on altitudinal level (Nimer 1977 , SUDENE 1982 , FUNCEME 2010 , INMET 2010 . There are two main vegetation types that belong to the Atlantic rainforest Domain Barboza 1990, Fernandes 1998) which are named ombrophilous montane forest and seasonal semideciduous montane forest (Veloso et al. 1991) . The former occurs only on the windward side and on the top, at altitudes above 600 m, while the latter occupies areas below 600 m, on the same side. On the lee side, above 600 m, the seasonal deciduous montane forest occurs and below 500-600 m a thorny deciduous vegetation identified as "caatinga arbórea" prevails (Fernandes 1998).
In our study areas, we identified two basic landscape units: the forest fragments and the anthropogenic matrix which has been without agricultural use for the last 30 years, although occasional animal husbandry occurs.
Our study was carried out in Baturité, Guaramiranga and Mulungu municipalities, in four out of six fragments previously studied by Araújo et al. (2006a, b In order to better represent massif vegetation, we selected two fragments of two vegetation types on each mountain side. We used only the immediate edges of these fragments named E1, E2, E3 and E4. The edge E1 was 600 m long and width varied between 1 to 2 m, E2 was 400 m long and width varied between 2 and 10 m, E3 was 600 m long and width between 1 to 2 m and E4 was 400 m long and width between 1 to 2 m. The four edges summed up 1.11 ha. The vegetation found in the four edges showed the same patterns: low vegetation, bushy-herbaceous composition and variable degrees of permeability. Arboreal species, remnants of their respective forest fragments, were also present in punctual distribution throughout these edges. To identify plant species, we consulted literature and the EAC Herbarium collection. Species and authors names were written in accordance with Brummitt and Powell (1992) and W3TROPICOS (2010) . Families were classified according to the Angiosperm Phylogeny Group (APG) III (Bremer et al. 2009 ).
Plants were classified into four growth-form according to Whittaker (1975) : herbs, shrubs, climbing (woody and herbaceous) and trees.
Data were organized in a binary matrix (presence/ absence) of the sampled species so as to evaluate the degree of association between floristic composition at the edges and the influence of rainfall gradients on the number of flowering species. To interpret the floristic composition at edges, we used a similarity coefficient (Jaccard index ≥ 0,50, Kent and Coker 1992) and a cluster analysis (UPGMA), using Estimate S (Colwell 2006) and Biodiversity Pro version 2.0 (McAleece 1997). Pearson's correlation (P ∈ [-1, 1], Zar 1984) was used to test the rainfall effects on species flowering using the software R (R Development Core Team 2010).
The seasonality of floristic resources was plotted as a function of monthly mean rainfall for each municipality. We considered a period of 12 months (January-December), to define the two local well-marked seasons: the wet season (NovemberJune) and the dry season (July-October). In this case we used the data pertaining to rainfall from March to December 2008 and January to February 2009. Historical monthly rainfall ranges were recorded for 1974 (FUNCEME 2010 , INMET 2010 .
RESULTS
TAXONOMIC PATTERN IN THE FLORA
In all study areas we recorded a total of 82 plant species, 72 genera and 33 families used as food resource by stingless bees (Table I) . Five species were identified only at the genus level.
At the edge of each study area, we recorded 32 species, 30 genera and 18 families in E1; 25 species, 25 genera and 16 families in E2; 36 species, 32 genera and 18 families in E3; and 16 species, 16 genera and 11 families in E4.
The most common botanical families whose species were used by stingless bees in the four edges were Fabaceae (11 genera and 17 spp.) and Asteraceae (8 genera and 8 spp.), followed by Bignoniaceae (4 genera and 4 spp.), Myrtaceae (3 genera and 4 spp.), Solanaceae (2 genera and 4 spp.), Apocynaceae (3 genera and 3 spp.), Convolvulaceae (3 genera and 3 spp.), Euphorbiaceae (2 genera and 3 spp.), Salicaceae (3 genera and 3 spp.) Melastomataceae (3 genera and 3 spp.) and Rubiaceae (3 genera and 3 spp.). It is worth mentioning that we did not record Asteraceae in E4. These families represented 67.07% of the species visited by stingless bees. The seven most species-rich genera were Senna, Inga, Solanum, Croton, Bauhinia, Piptadenia and Myrcia. The first three genera had three species each, while the remaining had two species each (Table I) . S. verticillata occurred in all areas and offered resources to 60% (12 spp.) of visitors. L. ferrea occurred only in E3 and was visited by 35% (7 spp.) of the bees. S. lethalis and V. brasiliana recorded in E1 and E3, and E1, E2 and E3, respectively, were visited by 30% (6 spp.) of the bee species. C. flexuosa occurred in E2 and E3 and offered resources to 25% (5 spp.) of the bees. S. splendida (E3) and W. scaberrima (E2 and E3), offered, each one, resources to 20% (4 spp.) of the meliponine bees.
GROWTH-FORM PATTERN OF FLORA
Trees and shrubs were the predominant growthform in the edges studied, however in E3 the climbing plant richness matched that of the trees, both with ten species (Fig. 1) .
FLORISTIC SIMILARITY
The cluster analysis among the flora of all edges ranged from 2.04% to 31.11% for the Jaccard index (Table II) .
The dendrogram of similarity among the edges (Fig. 2) formed two groups. Clearly, this was more related to vegetation typologies and to the mountain sides (on the windward ombrophilous montane forest, for E1 x E4, and on the leeward seasonal semideciduous montane forest, for E2 x E3). The pattern of flora distribution in the study areas also showed that only S. verticillata, Solanum paniculatum and V. brasiliana (3.66% of the total recorded species) occurred in at least three edges, suggesting a high plasticity of these species in relation to geographical location. A total of 28.05% of species (23 spp.) were present at only two edges and 68.29% (56 spp.) were unique to an edge (Table I) . LUIZ W. LIMA-VERDE, MARIA I.B. LOIOLA and BRENO M. FREITAS
FLOWERING VERSUS RAINFALL
Analysis of the number of flowering species related to annual rainfall also showed somewhat different features in the study areas (Figs. 3 and 4) .
In E1, there was a negative correlation (r = -0.68; p = 0.01). In E2, results were not statistically significant, with a low correlation (r = 0.18; p = 0.58). In E3 and E4 correlations were highly positive (r = 0.64, p = 0.02 r = 0.71, p = 0.009, respectively), especially in E4.
Regarding flowering periods, we found that the fragment edges had suites of species with an overlapping flowering sequence, which can offer resources to bees through the year.
Edge E1: Norantea guianensis (DecemberFebruary), Scoparia dulcis (March-July), Acnistus arborescens (April-November), Spermacoce verticillata (May-October), Inga bollandii (SeptemberNovember), Vernonanthura brasiliana (NovemberDecember), Serjania lethalis (November-December). Edge E2: Cardiospermum corindum (JanuaryDecember), Senegalia poliphylla (February-March), Wedelia scaberrima (February-May), Spermacoce verticillata (May-August), Capparis flexuosa (November-December), Anadenathera colubrina (December-January), Vernonanthura brasiliana (August-January).
Edge E3: Scoparia dulcis (February-July), Wedelia scaberrima (March-May), Spermacoce verticillata (March-August), Senna uniflora (MayJuly), Vernonanthura brasiliana (June-December), Senna splendida (July-September), Serjania lethalis (October-December), Capparis flexuosa (NovemberDecember), Spondias mombin (December-January). Our results showed a wide range of trophic sources for stingless bees, owing to high floristic diversity (82 species, 72 genera and 33 families).
Our findings are similar to those few studies on plant species important as food resources to the bees from Atlantic forest in this portion of Brazil (Milet-Pinheiro and Schlindwein 2008, 87 species, 76 genera and 38 families; and Locatelli et al.
2004
, 63 species, 50 genera and, 29 families). In addition, in this same region, our results are also in agreement with Oliveira et al. (2006) , who studied edges with types of low vegetation ("capoeira") (90 species, 74 genera and 74 families).
Among the eleven most common botanical families whose species were used by stingless bees, Fabaceae and Asteraceae had the largest number of species. Fabaceae also had the most speciesrich genera, such as Senna, Inga, Bauhinia and Piptadenia (Table I) .
These two families stand out in several studies in tropical region, due to their wide geographic distribution and the considerable number of species among the Angiospermae Cronquist 1981). In Brazil, this pattern of richness has also been reported in many ecosystems through floristic and hymenopteran surveys (e.g.: Viana et al. 1997 The most important species that offer food resources to stingless bees (S. verticillata, L. ferrea, S. lethalis, V. brasiliana, C. flexuosa, S. splendida, W. scaberrima) must initially be taken into account when managing these areas.
In forest patch edges in the Baturité massif, these species are believed to ensure the maintenance of several species of local stingless bees as well as enabling, in part, a successful local meliponiculture.
Among these seven species mentioned above, S. verticillata is noteworthy for being the most important for the stingless bees. Its spectrum of flowering ranged from four to six months between March and October, at the edge of each forest fragment, showing therefore, a period of supply of food resources, both in the months of highest rainfall, as those less rainy in Baturité massif. S. verticillata has also presented a considerable adaptive plasticity to habitat and soil types at different levels of degradation, showing how their subjects are rustic to the diversity of the medium. Studies in similar Brazilian ecosystems with bees census (Wilms et al. 1996 , Gonçalves and Melo 2005 ) also showed the importance of S. verticillata for this group of Hymenoptera.
GROWTH-FORM PATTERN OF THE FLORA
Owing to the criteria used for definition of edges, the shrub and arboreal growth-form were prevalent (Fig. 1) , both for having the highest species richness at the immediate edges and for distribution in the rest of the matrix.
In the field it was observed that the shrub species were more or less enclosed space edges with a higher degree of degradation. Studies such as Bierregaard et al. (1992) and Murcia (1995) show that the transformations undergone by these environments radically alter levels of light, humidity, temperature and air currents. In this case, the structure and species richness of vegetation edge depend heavily on the type of surrounding matrix and the edge effect.
In summary, the successful occupation of these areas by species groups are associated with different abiotic conditions of the edges and consequently with greater or lesser difficulty of dispersal of propagules of some species (Scariot et al. 2003) .
In general, species of degraded fragments forest are characterized by the requirement in brightness due to its high regeneration capacity and dispersion vegetative propagules (Maciel et al. 2011) .
The environmental conditions of the collection sites also seem to bring different responses to the predominance of growth-forms. Studies of Locatelli et al. (2004) and Milet-Pinheiro and Schlindwein (2008) demonstrated this possibility by recording the herbaceous growth-form was prevalent in the first study, and herbaceous and shrub were more predominant in the second.
FLORISTIC SIMILARITY
Our data showed a considerable degree of heterogeneity in the floristic compositions (Table I) , which was evidenced by the low values in the cluster analysis (Jaccard's index).
In Table I , we note that the distances between edges did not significantly account for floristic similarity among them. However, vegetation type explained better this floristic similarity in all areas. Groupings E1 x E4 and E2 x E3 (Fig. 2) were defined, respectively, by their vegetation types (ombrophilous montane forest and the seasonal semideciduous montane forest) and, consequently, by mountain side orientation (windward or leeward).
The difference in species number between areas may be associated with the conservation FLORA USED BY MELIPONINE GUILDS AT RAINFOREST EDGE status and with matrix permeability. The matrix characteristics are usually related to the degree of disturbance, to inadequate soil management, to a greater or lesser light incidence, as well as to the size of the area (Cane 2001 , Scariot et al. 2003 , Ewers and Didham 2006 .
However, one must consider local topoclimatic factors. Gentry (1982 Gentry ( , 1988 and Murphy and Lugo (1986) verified, in neotropical forest fragments, that the greatest plant species richness is positively correlated with the levels of annual rainfall and climate seasonality. As for Baturité massif remnants, Araújo et al. (2006b) found that an increase in floristic richness was correlated with the elevation of the altitudinal gradient. This floristic richness could also be related with the local rainfall gradient, which, according to Nimer (1989) , in mountains like Baturité massif increases with increasing altitude.
We also noted that species richness was correlated to climatic and altitudinal conditions. In E2, located between 670 and 690 m, we recorded 25 species, while in E3 (780-790 m) we recorded 36 species. We found similar results in E1 (1015-1114 m) and E4 (660-680 m) where we recorded 32 and 16 species, respectively.
FLOWERING VERSUS RAINFALL CORRELATION
All the edges showed different magnitudes with relation to the number of flowering species as indicated by Pearson's coefficients (Figs. 3 and 4) .
In E1, there was a high negative correlation (r = -0.68), thus showing a low number of flowering species during the period of greater rainfall. In this case, the flowering peak occurred between September and January, during the dry season.
In E2, the low positive correlation was not statistically significant and seems to indicate that in this area the flowering season is more evenly distributed throughout the year. However, we found that the flowering peak tended to occur between May and August, when rainfall began to decrease.
In the last two areas (E3 and E4), the correlations were high and positive (r = 0.64 and r = 0.71, respectively), which indicates that the number of flowering species responded better to annual rainfall. The number of flowering species decreased as rainfall decreased. For these edges a second flowering peak occurred, chiefly in the last months of the year.
Numerous environmental factors may be operating in these areas, however, those related to climate and topography are more easily perceptible to the conditions of the Baturité massif as the observations of Araújo et al. (2006a, b) .
In Brazil, phenological studies covering all aspects of the flora of forest types, such as Atlantic forest, have shown that in environments with seasonally defined climates, the flowering periods of most species generally depend on the alternation of seasons (Morellato et al. 1989 , Talora and Morellato 2000 . These species depend, therefore, on climatic factors, mainly related to the humidity and temperature, to trigger their phenophases of flowering.
SUGGESTIONS FOR MANAGEMENT
Maintenance of forest or remnant forest patch edges under proper management conditions would enable in situ biological conservation, especially benefiting meliponine bees, as well as other pollinators. Antonini et al. (2003) indicate the need for maintaining the successional vegetation around forest fragments as an essential preservation measure for bees in general. On the other hand, Britez et al. (2003) highlight that when planning management activities around forest fragments, one must consider the landscape itself, proper management techniques, monitoring diagnostics of the flora and fauna, water resources and the physical environment.
At present, the main issue study areas is human and animal trampling, especially cattle, which has a seasonal grazing schedule. In this case, it is important that we develop some techniques for environmental protection to be used on the occasion of procedures for monitoring these areas.
A simple and practical suggestion, in conformity with López-Barrera (2004) , is to try to conserve these areas as important wildlife and wild land preserves in the category of low vegetation, with soft permeability and high light incidence. Such measures would maintain these edges in this status quo, so that more effective preservation measures, such as ecological corridors or connecting isolated patches, can be established and benefit these forest fragments as a whole.
CONCLUSIONS
The large number of Meliponina species which visited the flowers of plant species occurring at the forest fragment edges proves the importance of this flora as a trophic resource for the stingless bees in the Baturité massif.
Forest fragment edges in the Baturité massif constitute an ample spectrum of trophic resources to a degraded environment providing 82 plant species visited by Meliponina bees.
The species Spermacoce verticillata, Libidibia ferrea, Serjania lethalis, Vernonanthura brasiliana, Cynophalla flexuosa, Senna splendida and Wedelia scaberrima outstand the others as providers of food resources to the stingless bees and S. verticillata can be considered the most important of them, both for its plasticity being preset in the four studied edges, as well as for offering resources for 12 out of the 20 Meliponina species present in the area.
Despite occurring in the same massif formation, the four forest fragment edges bear heterogeneous flora, suggesting a differentiated geographic distribution of these plant species in the edges studied.
The distinct effects of rain levels on the blooming of plant species found at each fragment edge determines how flowering phenology takes place in these areas and also shows how each floristic component presents its temporal alternative of trophic resources to the guilds of local stingless bees. 
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